ABSTRACT. In the present paper a form of equations of motion of a constrained mechanical system is constructed. These equations only contain a minimum number of accelerations. In the other words, such equations are written in independent accelerations while the configuration of the system is described by dependent coordinates. It is important that the equations obtained are applied conveniently for . the mechanisms in which the use of independent generalized coordinates is not suitable.
Introduction
As known [5, 6] , the use of holonomic coordinates for writting equations of motion is very convenient due to simplicity. However, in the case of constrained mechanical systems including holonomic systems, for example, in the problem of dynamics of mechanisms, the choice of independent coordinates in many case is impossible (in the case of mechanisms of closed loops). Moreover, in the problem of determining dynamic reactions of kinematic joints it is necessary to introduce redundant coordinates. Such a situation is related also to multibody systems, for example, kinematics and dynamics of robotics.
Equations of motion of a mechanical system subjected to stationary constraints
Let us consider a constrained mechanical system (holonomic and nonholonomic) of n degrees of freedom.
Denote by qi , Qi (i = 1, m) the generalized coordinates and forces , respectively. In general, the generalized forces are functions of coordinates, velocities and time.
Consider the system subjected to stationary constraints of the form 
The letter T at the high right corner designates the transposition. The kinetic energy of the system under consideration has the form
where A is a quadratic, symmetric and nonsingular matrix of m order, the elements of which depend only on generalized coordinates. By the Principle of Compatibility [2] the equations of motion of the system under consideration can be written in the form Aq= Q+G+R, (2.6) where R is the matrix of unknown reaction forces of the constraints (2.1), which is defined by means of the condition for equations (2.6) being compatible with the constraint equations (2.1).
Moreover, Q and G are the (m x 1) matrices: Q is the matrix of generalized forces, but G -the matrix of components including quadratic velocities. The latter matrix is defined by means of only the matrix of inertia A. The q denotes the matrix of generalized accelerations, which is an (m x 1) matrix too.
Let us introduce the pseudovelocities ir a (
where f a i (a = 1, s. i = 1, m) are functions of generalized coordinates qi ( i = 1, m).
Only one condition need to be imposed on the linear form (2. 7) 
D.
As known [2] , the condition of ideality of the constraints (2.1) gives us (2.12)
Using the condition (2.12) in consideration of (2.11), the equation (2 .6) is written as (2.13) where (2.14)
The equation (2.13) together with the constraint equation (2.2) describes the motion of the system under consideration. By such a way the motion of the system under consideration is described by a system of algebraic -differential equations.
Note. Let us consider the case of constraints of the form
In this case the coefficients in (2.1) must be calculated by the formula The kinetic energy of the mechanism is calculated by the formula
The ( 2 x 2) matrix of inertia of the mechanism is of the form (3.6) where D and dare respectively the (m x n) and (m x 1) matrices, the elements of which are the functions of generalized coordinates and time.
As above, by applying the Principle of Compatibility the equations of motion of the system under consideration can be written as follows A2q = Q + G + Q 9 + Q 0 + R, (3.7)
As a?ove, Q is t~e 1?atrix ~f generalized forces , R -the matrix of generalized --------reaction forces, satisfymg the ideal conditions (2 2 In consideration of (2.12) and (3.6) the equation (3.7) will take the following form respectively. Equation (3.10) together with (3.2) describes the motion of the system under consideration. We have obtained then a system of algebraic -differential equations.
In order to determine the reaction forces of the constraints (3.2) it is possible to apply the equations (3.7), that is
where q is calculated by (2.11) in consideration of (3.10) , (2.10) and (2.11) .
Of course, in the case of stationary constraints we have:
By putting these quantities into (3.10) we immediately obtain (2.13) .
Example 2. Consider a hammer grinder. The rotating drum is a homogeneous cylinder of radius R and the moment of inertia J 0 about the rotation axis. The hammer of mass m is connected to the drum by the revolution joint A located distance R from the axis 0 . The moment of inertia of the hammer about its centre of gravity C is denoted by J with AC = a. The drum rotates informly with angular velocity w 0 . Write the equ~tion of motion of the hammer grinder and determine the reaction forces at the revolution joint A (Fig. 2) .
For determining the reaction forces at the hinge A let us release the hammer from the drum and consider the released system shown in Fig. 3 The constraint equations are of the following form
Let us choose e as a independent coordinate. It is easy to notice that Ru and Ru just are the vertical and horizontal components of reaction forces at the hinge A.
Conclusion
The represented method and the obtained equations are convenient to investigate mechanisms with closed loops and to determine the reaction forces at kinematic joints. Such equations are also applied usefully for constrained mechanical systems (holonomic and nonholonomic)
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